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© A safety device of the present invention for a 
storage battery includes a charge-discharge lead 
one end of which is connected to a positive elec- 
trode side of the storage battery and the other end 
of which is connected to a positive terminal of the 
storage battery; pressure-sensing device which de- 



Kyoto (JP) 

Inventor: Sakai, Yasuharu, c/o Japan Storage 

Battery Co, Ltd 

1, Inoba-cho, 

Nishinosho, 

Kisshoin 

Minami-ku, 

Kyoto-shi, 

Kyoto (JP) 

Inventor: Kojlma, Tetsuzo, c/o Japan Storage 

Battery Co, Ltd 

1, Inoba-cho, 

Nishinosho, 

Kisshoin 

Minami-ku, 

Kyoto-shi, 

Kyoto (JP) 

Inventor: Makl, Takao, c/o Japan Storage 

Battery Co., Ltd. 

1, Inoba-cho, 

Nishinosho, 

Kisshoin 

Minami-ku, 

Kyoto-shi, 

Kyoto (JP) 

© Representative: Grtinecker, Kinkeldey, 
Stockmair & Schwanhausser 
Anwaltssozietat 
Maximllianstrasse 58 
D-80538 MUnchen (DE) 



forms in response to the increase of the pressure in 
the storage battery; and cutting device for cutting the 
charge-discharge lead, the cutting device being 
pressed by the deformation of the pressure-sensing 
device to cut the charge-discharge lead. 
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BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a structure of a 
terminal for a battery and safety device therefor 
being operational when the pressure in the battery 
increases. 

2. Description of the Conventional Art 

Recently, electronic equipment such as home 
video decks, portable CD players and portable tele- 
phones have come into wide use. Since these 
electronic equipments are becoming more compact 
while exhibiting higher performance, efforts are 
also being made to reduce their size but increase 
the capacity of sealed batteries which supply pow- 
er to the equipment. A problem with such small, 
sealed batteries is that once the internal pressure 
increases for some reason, rapid battery failure can 
potentially occur. 

For example, if heat is generated due to the 
overcharging of a storage battery or if a short- 
circuit current flows through the load that is short- 
circuited due to wrong use of the battery during 
discharging, the electrolyte in the battery will either 
decompose or evaporate or, alternatively, the prod- 
uct of abnormal reaction due, for example, to the 
decomposition of electrode active materials will fill 
the battery space, thereby causing an abnormal 
increase in the internal pressure or the temperature 
of the battery. 

To prevent heat generation or battery failure 
due to these abnormal behaviors, it is required that 
the interior of the battery is provided with a struc- 
ture that senses a certain pressure in the battery in 
response to one of those phenomena, thereby 
breaking the circuit to the load. 

Fig. 1 shows a conventional safety device for 
use with a storage battery. Shown by 341 is a 
case, 342 is a gasket, 343 is a valve hole, 344 is a 
cover, 347 is an elastic valve body, 345 is a recess 
in the valve body 347, 346 is a thin-walled portion 
of the valve body 347, 348 is a gas vent hole. 349 
is a terminal plate in the form of a dish facing 
down, and 350 is a cutting blade. 

Referring to Fig. 1 , the pressure-releasing safe- 
ty device is provided above the case 341 which 
also serves as the negative terminal. This safety 
device is comprised of the cover 344 which is fitted 
on top of the insulating gasket and which has the 
valve hole 343 in the center, the elastic valve body 
347 in a cylindrical form that has the recess 345 
and which has the thin-walled portion 346 in the 
bottom, and the terminal plate 349 that is fitted 
over the elastic valve body 347 and which has the 
gas vent hole 340 formed in the top. The recess 



345 in the elastic valve body 347 contains the 
cutting blade 350 which projects toward the thin- 
walled portion 346. As the pressure in the battery 
increases, the thin-walled portion 346 of the elastic 
s valve body 347 extends toward the cutting blade 
350 until it contacts the latter. If the pressure 
increases further, the thin-walled portion 346 is 
broken by the cutting blade 350 and the gas in the 
battery will be released into air atmosphere via the 
w gas vent hole 348 in the terminal plate 349, thereby 
ensuring against burst that would otherwise occur 
due to the pressure buildup in the battery. 

The safety device described above prevents 
pressure buildup in storage batteries by breaking 
75 the safety valve, namely, the elastic valve body. 
However, the charging current and the discharging 
current will keep flowing irrespective of the pres- 
sure in the battery and, hence, the decomposition 
of the electrolyte and the active materials in the 
20 battery is promoted while, at the same time, the 
temperature of the battery will keep increasing. 

With a view to solving these problems of the 
conventional safety device for use on the storage 
battery, it has been proposed in Examined Japa- 
25 nese Patent publication HeL 2-288063 that the 
safety valve is adapted to deform to interrupt the 
current flow when the pressure in the battery 
reaches a specified level (see Fig. 2). 

Referring to Fig. 2, numeral 363 designates a 
30 gasket, 362 is an explosion-proof valve that will 
deform upward as the pressure in the battery in- 
creases. 364 is a lead cutting stripper fitted in 
contact with the underside of the explosion-proof 
valve 362, 365 is a closing cover, 366 is an elec- 
35 tromotive element, 367 is an insulator, 368 is a 
lead plate that is fitted beneath the lead cutting 
stripper 364 and which is connected both to on 
internal terminal (not shown) on the positive elec- 
trode of the electromotive element 366 and to the 
40 explosion-proof valve 362 connected to the positive 
terminal. 371 is a hub around which a sheet of the 
electromotive element is wound, and 375 is a thin- 
walled portion of the explosion-proof valve 362. 
The lead cutting stripper 364 has a hole formed 
45 therein, through which the lead plate 368 and the 
explosion-proof valve 362 are connected by weld- 
ing. 

The operating principle of this safety device is 
such that if a predetermined internal pressure is 
so reached, the explosion-proof valve deforms and the 
contact at the connection between said valve and 
the lead plate is broken to interrupt the current 
flow. 

However, if the contact between the lead plate 
55 and the explosion-proof valve is not broken for 
some reason, the charging current is not cut off 
and the battery may eventually be damaged. Thus, 
one cannot necessarily say that the safety * device 
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under consideration has succeeded in achieving a 
marked improvement in the reliability of small a 
high-capacity storage battery. Under these circum- 
stances, it is desired to develop a safety device of 
higher reliability for use with a storage battery as s 
well as a sealed storage battery incorporating that 
safety device. 

Furthermore, recently, accompanying with the 
miniaturization of electronic instruments such as a 
portable radio telephone device, a portable per- , 0 
sonal computer and a portable video camera a 
lithium-ion secondary battery has bean made prac- 
ticable, which has a high energy density and is 
superior in light-ability. 

The lithium-ion secondary battery has the 75 
maximum electromotive force of 4.1 to 42 V 
Therefore, the material of a positive terminal is 
limited to stainless, aluminum, titanium or the like 
which is stable even in high voltage. 

A conventional square-type lithium-ion secon- 20 
dary battery uses a hermetic seal method shown in 
Fig. 3. In Fig. 3, a metal cover 301 is mounted at 
an opening portion of an upper part thereof by a 
laser welding. The center portion of said metal 
cover 301 is provided with an opening into which 25 
the positive terminal 302 is inserted, and the open- 
ing is sealed by a fusion glass 303. As a result the 
seal.ng of the inside of the battery can be main- 
tained. 

However, in the above described hermetic seal 30 
method, a large positive terminal 302 can not be 
assembled in the fusing glass 303. Therefore it is 
difficult that an electric collecting lead is surely 
mounted at an end portion of the positive terminal 
302 in the side of the inside of the battery In 35 
addition, if the battery is integrated with a protec- 
tion circuit and a outer terminal so as to form a 
battery pack, a lead for connecting to the protec- 
tion circuit and outer terminal is hard to be moun- 
ted at the end portion of the positive terminal 302 40 
Further, the fusing glass 303 is easy to be broken 
by a mechanical or heat shock. 

In addition, in the hermetic method, the coeffi- 
cient of thermal expansion of the positive terminal 
302 has to be near that of the fusing glass 303 4S 
Accordingly, merely titanium or particular stainless 
can be used as the material of the positive terminal 
J02 Such a material is very expensive and has a 
trouble with the workability thereof. 

Accordingly, Unexamined Japanese Patent so 
Publication Nos. Hei. 6-111802, Hei. 6-111803 Hei 
6-111804 and Hei. 6-111805 suggest a battery 
positive pin which is comprised of Al or Al-alloy 
and fixed to a battery can or battery cover. This 
battery positive pin is comprised of Al or Al-alloy S5 
so as to be superior in resistance to electric corro- 
sion and low-cost to manufacturing. 



However since Al or Al-alloy is used for the 
material of the pin. the electric collecting lead is 
drfhcuit to be surely connected to the pin by weld- 
ing In addition, the lead for electrically connecting 
to the protection circuit and outer terminal is also 
difficult to be mounted at the end portion of the 
battery cathode pin by welding. 

SUMMARY OF THE INVENTION 



Accordingly, it is an object of the present in- 
vention to provide a battery having a safety device 
which can suppress an increase in the temperature 
m the storage battery due to charging current or 
short-circuit in a sufficiently early stage so as to 
prevent the increase in the pressure in the battery 
and the resulting leakage of the electrolyte. 

Further, it is another object of the present 
invention to provide a battery having a terminal 
which .s easy to conduct an electrical connecting 
and has an excellent hermetical ability. 

A safety device of the present invention for a 
storage battery comprises a charge-discharge lead 
one end of which is connected to a positive elec- 
trode side of the storage battery and the other end 
of wh.ch is connected to a positive terminal of the 
storage battery; pressure-sensing device which de- 
forms in response to the increase of the pressure 
m the storage battery; and cutting device for cut- 
ting the charge-discharge lead, the cutting device 
being pressed by the deformation of the pressure- 
sensing device to cut the charge-discharge lead 

In a safety device of the present invention 
when the pressure in the storage battery starts to 
increase for some reason such as overcharging or 
external sort circuiting, the pressure-sensing device 
in the safety device deforms gradually under the 
increasing pressure, as a result of deformation, the 
charge-discharge lead cutting device is depressed 
so that its cutting blade is pressed against the lead 
to cut it, thereby interrupting the current flow 

Further, a battery of the present invention com- 
prises power generation elements including an 
electric collection member; a casing which accom- 
modated the power generation elements therein- a 
termmal which is mounted in the casing, the termi- 
nal including an upper end portion and a lower end 
portion, the electric collection member being 
crimped to the lower end portion; and a terminal 
plate crimped to the upper end portion. 

In the battery according to the present inven- 
tion, a terminal plate is crimped to the upper end 
portion of the terminal in an outside of the battery 
so that the lead can be connected to the terminal 
plate by welding or the like. Accordingly, if the 
battery is integrated with the outer terminal and the 
protection circuit as a battery pack, the terminal of 
the battery can be surely and easily connected to 
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the protection circuit or the outer terminal. In addi- 
tion, the electric collecting member is crimped to 
the lower end portion of the terminal so that an 
electric collector is easily bonded to the electric 
collecting member by crimping or the like. Accord- 
ingly, the electric connection between the terminal 
and the electric collector can be easily and surely 
conducted. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the accompanying drawings; 
Fig. 1 shows a conventional safety device for 
use with a storage battery; 
Fig. 2 shows another conventional safety device 
for use with a storage battery; 
Fig. 3 shows a conventional square-type lithium- 
ion secondary battery uses a hermetic seal 
method; 

Fig. 4 is a sectional view showing an essential 
part of a storage battery Incorporating a safety 
device of first embodiment according to the 
present invention; 

Fig. 5 is a top view of the battery shown in Fig. 
4; 

Figs. 6A and 6B show an example of the pres- 
sure-sensing devices in the safety device ac- 
cording to first embodiment; 
Fig. 7 shows an example of a charge-discharge 
lead in the safety device according to first em- 
bodiment; 

Fig. 8 is a sectional view showing the essential 
part of a storage battery incorporating a safety 
device of second embodiment according to the 
present invention; 

Fig. 9 is a longitudinal section view of the es- 
sential part of the safety device of second em- 
bodiment; 

Fig. 10 is a cross sectional view of the essential 
part of the safety device shown in Fig. 9; 
Figs. 11 A, 11B and 11C shows modifications of 
a pressure-sensing device of the safety device 
of second embodiment; 

Fig. 12 is a partially cut-away front view showing 
a lithium-ion secondary battery of third embodi- 
ment according to the present invention; 
Fig. 13 is a perspective view showing a con- 
dition before assembling a battery cover unit of 
third embodiment; 

Figs. 14A, 14B, 14C and 14D are a plan view, a 
partially cut-away view, a bottom view and a 
side view showing a condition after assembling 
the battery cover unit, respectively; 
Fig. 15 is a cross sectional view of a terminal of 
third embodiment; and 

Fig. 16 is a cross sectional view showing a 
condition where the terminal is crimped to a 
terminal plate and an electric collection washer. 



PREFERRED EMBODIMENTS OF THE PRESENT 
INVENTION 

The preferred embodiments of the present in- 
5 vention with respect to a battery having a safety 
device or a terminal according to the present in- 
vention will now be described specifically referring 
to the accompanying drawings as follows. 

io First Embodiment 

Fig. 4 is a sectional view showing an essential 
part of a storage battery incorporating a safety 
device of first embodiment according to the 

75 present invention. Fig. 5 is a top view of the battery 
shown in Fig. 4. Figs. 6A and 68 show an example 
of the pressure-sensing devices in the safety de- 
vice. Fig. 7 shows an example of a charge-dis- 
charge lead in the safety device. 

20 In those drawings, shown by 11 is a case 

which also serves as the negative terminal 10 is a 
case cover, 12 is a electrode element, and 8 is a 
rivet. Shown by 6 is a terminal retainer which also 
serves as a packing, 9 is a packing, 13 is an 

25 electric collecting washer connected to the elec- 
trode element. These components are secured to 
the case cover 10 by the rivet 8. Shown by 3 is the 
positive terminal. Shown by 4 is an electrode termi- 
nal which is connected to the positive electrode 

30 (not shown) of the electrode element 12 via the 
rivet 8 and the electric collecting washer 13. Shown 
by 2 is the charge-discharge lead one end of which 
is connected to the positive terminal 3 and the 
other end of which is connected to the electrode 

35 terminal 4. The positive terminal 3 and the elec- 
trode terminal 4 is fixed by the terminal retainer 6. 

Shown by 1 is the pressure-sensing device 
provided between the electrode element 1 2 and the 
case cover 10 in such a way that it is laser welded 

40 to the latter to assure hermetic seal. The pressure- 
sensing device 1 partially toward the interior of the 
battery. This pressure-sensing device 1 is so 
adapted that it deforms by reversing to convex 
toward the exterior of the battery in response to the 

45 increment of the pressure in the battery. Shown by 
7 is a laser welding press plate for helping the 
pressure-sensing device 1 to be mounted on the 
case cover 10 hermetically. The terminal retainer 6 
can be fixed to the press plate 7 by crimping its 

so claw portion. 

In this embodiment, the pressure-sensing de- 
vice 1 is shaped to recess toward the interior of the 
battery and it has on its bottom a convex portion 5 
which protrudes toward the exterior of the battery. 

55 When the pressure-sensing device 1 reverses by 
itself to deform, its convex portion 5 pushes and 
cuts the charge-discharge lead 2 which rs fitted 
more exterior to the battery than the pressure- 
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sensing device 1 (further upward in Fig. 4). The 
pressure-sensing device 1 is so adapted that once 
it has reversed by itself to deform, it maintains the 
deflection and will no longer revert to the initial 
concave form. 

In this embodiment, the pressure-sensing de- 
vice 1 has a rectangular profile (see Fig. 6A) and 
has a single-stage recess formed in the middle, 
with the hemispherical projection 5 in the center 
(Fig. 6B). It should, however, be noted that this is 
not the sole case of the invention. 

In this embodiment, the charge-discharge lead 
2 is comprised of a ceramic substrate 14 having a 
thin conductive layer 15 made of copper formed 
thereon as shown in Fig. 7. As in the case of the 
pressure-sensing device 1. this is not the sole case 
of the charge-discharge lead 2. Preferably, in this 
case , the charge-discharge lead is made of a 
brittle substrate and an electric conductor. 

As shown in Fig. 4, the sealed storage battery 
of the present invention has the electrode element 
12 contained in the case 11 and the retainer 6 of 
the electrode terminal 4 and the positive terminal 3 
which have the charge-discharge lead 2 connected 
above the pressure-sensing device 1 is fixed by 
crimping the claw portion of the laser weldinq 
press plate 7. 

When the pressure in the storage battery incor- 
porating the safety device of the present invention 
starts to increase, the pressure-sensing device as- 
sembled in the case cover reverses by itself under 
the increased pressure and the convex portion on 
the bottom of the deformed pressure-sensing de- 
vice depresses the charge-discharge lead until it 
cuts the latter to interrupt the currant flow. Even if 
the pressure in the battery reverts to the normal 
after the charge-discharge lead was cut, the pres- 
sure-sensing device will not buckle but keeps the 
broken charge-discharge lead in an elevated posi- 
tion, thereby ensuring that there will not be another 
current flow. 

In this embodiment, the term "toward the inte- 
rior of the storage battery" is referenced to the 
space within the storage battery which is defined 
by the case 11 and the case cover 10 and means 
the direction in which the electrode element 12 is 
contained (downward in Fig. 4f) and the term "to- 
ward the exterior of the storage battery" means the 
opposite direction (upward in Fig. 4). 

The safety device for a storage battery accord- 
ing to the present invention is comprised of a 
charge-discharge lead one end of which is con- 
nected to the positive electrode side of the storage 
battery and the other end of which is connected to 
the positive terminal of the storage battery, pres- 
sure-sensing device provided in such a way that it 
partially toward the interior of the storage battery 
and a convex portion of the pressure-sensing de- 



vice that is formed by causing part of the bottom of 
said pressure-sensing device to protrude toward 
the exterior of the storage battery. If the charge- 
d,scharge lead is formed of a brittle substrate and 
5 an electric conductor, an increase in the pressure 
in the storage battery causes the concave pres- 
sure-sensing device to reverse by itself to deform 
toward the exterior of the storage battery so that 
the convert portion of the pressure-sensing device 
io allows for positive cutting of the charge-discharge 
lead. The safety device is so adapted that the 
pressure-sensing means that has once reversed 
will not revert to the concave form and that the 
charge-discharge lead that has been cut will not 
is conduct again; hence, the safety device of the 
invention has high reliability. 

A sealed storage battery incorporating the safe- 
ty device of the invention is superior to those which 
use the conventional safety devices. The safety 
20 device of the invention is applicable to cylindrical 
prismatic and various other shapes of all kinds of 
sealed storage batteries including lead-acid bat- 
teries, alkaline batteries and non-aqueous electro- 
lyte batteries. Thus, the present invention offers 
25 very great industrial benefits. 

Second Embodiment 

Fig. 8 is a sectional view showing the essential 
30 part of a storage battery incorporating the safety 
device of second embodiment according to the 
present invention. Fig. 9 j s a longitudinal sectional 
view of the essential part of the storage battery. 
Fig. 10 is a cross sectional view of the essential 
35 part of the safety device shown in Fig. 9. 

Shown by 109 is a case which also serves as 
the negative terminal, 110 is the positive terminal 
111 is a packing, and 112 is an electrode element" 
Shown by 102 is a charge-discharge lead one end 
40 of which is connected to an electrode within the 
battery and the other end of which is connected to 
the positive terminal 110. Shown by 103 is charge- 
discharge lead cutting device. 104 is an internal 
terminal connected to an electrode in the battery 
<s 105 is an internal terminal connected to the posi- 
tive terminal 110. 107 is a connecting wire, and 108 
is a case cover. Shown by 106 are retainers for 
fixing internal terminals 104 and 105 connected by 
the wire 107. Shown by 101 is pressure-sensing 
so device in a concave form that is provided within the 
space defined by the electrode element 112 and 
the case cover 108; the pressure-sensing device 
101 is so adapted as to be capable of deforming 
upward in Fig. 9 in response to an increasing 
ss pressure in the battery. The connecting wire 107 
may be replaced by any member that is formed of 
an electrically conductive material. 
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It is essential for the purposes of the present 
invention that the pressure-sensing device 101 is 
resistant not only to the electrolyte but also to 
corrosive gases being evolved during service. To 
this end. the pressure-sensing device 101 may be 
formed of corrosion-resistant materials such as 
stainless steel, copper, aluminum, etc. If the pres- 
sure-sensing device 101 is made of a corrosion- 
sensitive material, it can be put to practical use 
after sufficient corrosion resistance is imparted by 
a suitable treatment such as plating. In this em- 
bodiment, although the pressure-sensing device 
101 is in a concave form, this may be modified in 
various ways. For example, the bottom has a con- 
vex projection as shown in Fig. 11 A, a V-groove is 
cut in the surface of the lateral side as shown in 
Fig. 11B, or a U-groove is cut in the surface of the 
lateral side as shown in Fig. 11C. 

The charge-discharge lead 102 may be formed 
of any materials that are commonly used in elec- 
trical connecting conductors, such as metals (cop- 
per, nickel, gold, silver and aluminum) and alloys 
(e.g. Ni/AJ alloys). The charge-discharge lead 102 
may be provided with an insulating or corrosion- 
resistant coat or, alternatively, it may be used un- 
coated. The charge-discharge lead 102 may be a 
thin wire or a sheet and it may assume any other 
shapes that do not interfere with effective cutting 
by the cutting device 103. If the charge-discharge 
lead 102 is adapted to work as a fuse, an exces- 
sive current that flow due to overcharging or some 
other reason can effectively be cut off by the 
melting of the lead. 

The lead cutting device 103 may be an integral 
part of the pressure-sensing 101 as shown in Fig. 8 
or it may be provided as a separate member from 
the pressure-sensing device 101. In this alternative 
case, the lead-cutting device 103 is suspended in 
the space defined by the cover 108. internal termi- 
nal retainers 106 and pressure-sensing device 101. 
and when the pressure in the battery rises to a 
predetermined level, the pressure-sensing device 
101 depresses the lead cutting device 103 so that 
the latter cuts the charge-discharge lead 102, 

The lead cutting device 103 may typically be 
formed of an electrically non-conductive material 
selected from among ceramics, hard plastics, etc. 
However, depending on the specific design of the 
lead 102 (for example, it is so adapted that as soon 
as it is cut. it springs back or otherwise reacts to 
achieve complete separation from the cutting de- 
vice 103), the latter may be formed of a conductive 
material such as a metal. The only requirement for 
the shape of the lead cutting device 103 is that it 
have a sharp edge in the portion responsible for 
cutting the charge-discharge lead 102. 

As shown in Fig. 8, the sealed-storage battery 
incorporating the safety device of this embodiment 



has the electrode element enclosed in the con- 
tainer case 109 and the retainers 106 of the termi- 
nals 104 and 105 between which the charge-dis- 
charge lead 102 is connected above the pressure- 
5 sensing device 101 are mounted hermetically in 
the case cover 108. The cutting device 103 is 
formed as an integral part of the bottom of the 
pressure-sensing device 101 in such a way that the 
cutting blade contacts the underside of the charge- 
10 discharge lead 102. As already mentioned, one end 
of the charge-discharge lead 102 is connected to 
the internal terminal 104 and the other end is 
connected to the internal terminal 105. If desired, 
the internal terminals may be omitted and one end 
75 of the lead may be directly coupled to a connect- 
ing wire on the internal electrode whereas the other 
end may he coupled directly to a connecting wire 
on the charge-discharge terminal. 

If the pressure in the storage battery incor- 
20 porating the safety device of the embodiment starts 
to increase for some reason such as overcharging 
or external short circuiting, the pressure-sensing 
device 101 in the safety device mounted hermeti- 
cally in the case cover 108 deforms gradually 
25 under the increasing pressure and, as a result of 
this deformation, the charge-discharge lead cutting 
device 103 provided in contact with the charge- 
discharge lead 102 is depressed so that its cutting 
blade is pressed against the lead 102 to cut it. 
30 thereby interrupting the current flow. 

In the embodiment described above, the safety 
device is mounted hermetically in the case cover 
108. However, this is not the solo case of the 
invention and the safety device may be disposed in 
35 any suitable space such as the upper lateral side of 
the outer case. 

The safety device for a storage battery accord- 
ing to the invention is comprised of a charge- 
discharge lead one end of which is connected to 
40 an electrode within the battery and the other end of 
which is connected to either the positive or the 
negative terminal of the battery, charge-discharge 
lead cutting device, and pressure-sensing device 
that deforms as the pressure in the battery in- 
45 creases, wherein the pressure-sensing device is so 
adapted that when it deforms as a result of the 
increase in the pressure in the battery depresses 
the charge-discharge lead cutting device so that 
the latter cuts the charge-discharge lead, thereby 
50 breaking the charge-discharge circuit in the battery. 

The charge-discharge lead cutting device may 
be an integral part of the pressure-sensing device. 
If necessary, the charge-discharge lead cutting de- 
vice may be formed of an electrically non-conduc- 
55 tive material. In addition, the charge-discharge lead 
may be a fuse that blows out when an excessive 
current flows. 



7 



11 



EP 0 674 351 A2 



12 



An advantage of using the safety device of the 
embodiment in a storage battery is that the cutting 
device cuts the charge-discharge lead as required, 
thereby assuring complete interruption of the flow 
of a current to the load. 5 

Another advantage results if the charge-dis- 
charge lead is designed as a fuse and this is the 
fuse blowout which ensures positive interruption of 
an excessive current that flows due to overcharging 
or some other reason. 1Q 

Hence, the increase in the temperature in the 
storage battery due to charging current or short- 
circuit can be suppressed in a sufficiently early 
stage to prevent the increment of the pressure in 
the battery and the resulting leakage of the elec- is 
trolyte, thereby contributing to the enhancement of 
the performance of the storage battery. 

The safety device of the embodiment accord- 
ing to the present invention is applicable to cylin- 
drical, prismatic and various other shapes of all 20 
kinds of sealed storage batteries including lead- 
acid batteries, alkaline batteries and non-aqueous 
electrolyte batteries; thus, the invention offers very 
great industrial benefits. 
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Fig. 12 is a partially cut-away front view show- 
ing a lithium-ion secondary battery of third embodi- 
ment according to the present invention. 30 

As shown in Fig. 12, in a prismatic battery case 
201 having a bottom, power generation elements 
(not shown) such as a positive active material, a 
negative active material, a positive electric collec- 
tor, a separator and organic electrolyte solution are 35 
accommodated therein. In this lithium-ion secon- 
dary battery, for example, UC0O2 is used for the 
positive active material, and carbon having the 
graphite structure is used for the negative active 
material. The positive active material is held by the 40 
positive electric collector made of aluminum, and 
the negative active material is held by the negative 
electric collector made of copper. The separator is 
disposed between the positive active material and 
the negative active material, with which the organic 45 
electrolyte solution is filled. 

A battery cover unit 202 described later is 
fitted to an opening portion of an upper part of the 
battery case 201. A center portion of the battery 
cover unit 202 is provided with a terminal 205 and 50 
a terminal plate 206. In the lithium-ion secondary 
battery shown in Fig. 12, the battery case 201 is a 
negative electrode, and the terminal 205 and the 
terminal plate 206 are a positive electrode. 

Fig. 13 is a perspective view showing a con- 55 
dition before assembling the battery cover unit 202. 
In addition, Pigs. 14A, 14B, 14C and 14D are a 
plan view, a partially cut-away view, a bottom view 



and a side view showing a condition after assem- 
bling the battery cover unit 202, respectively. 

As shown in Fig. 13, the battery cover unit 202 
is constructed by a cover plate 203, a packing 204 
the terminal 205, the terminal plate 206, a packing 
207 and an electric collection washer 208 The 
cover plate 203 is formed so as to have a concave 
cross section, which is provided with an opening 
230 at a center portion thereof. Stainless, nickel- 
plated stainless, nickel plated ferrous or the like is 
used for a material of the cover plate 203. The 
packing 204 includes a cylindrical portion 241 and 
a rectangular tube portion 240 having a bottom and 
a concave cross section, The bottom portion of the 
rectangular tube portion 240 is provided with an 
opening 242 being communicated with a hollow 
portion of the cylindrical portion 241 . The packing 
204 is formed integrally of a resin such as poly- 
propylene and polyethylene. 

The terminal 205 has a rivet shape which is 
formed integrally of a prismatic body portion 250, a 
columnar upper part shaft 251 and cylindrical lower 
part shaft 252. Aluminum or aluminum-alloy is pref- 
erably used as the material of the terminal 205. 
The terminal plate 206 is formed to be substantially 
hexagonal, and the opening 260 is provided in the 
center portion thereof. An inner wall of the opening 
260 has a taper shape so that the diameter of the 
wall gradually decreases in the direction of the 
outside thereof. Stainless, nickel-plated stainless, 
nickel-plated ferrous or the like is used for the 
material of the terminal plate 206. 

The packing 207 is comprised of a resin such 
as polypropylene or polyethylene, and formed to 
have a platelike shape. The packing 207 is pro- 
vided with an opening 270. The electric collection 
washer 208 is comprised of a horizontal plate 280 
and a vertical plate 281 being formed by bending 
one plate. The horizontal plate 280 is provided with 
an opening 282. Am similar to the terminal 205, 
aluminum or aluminum-alloy is used for the ma- 
terial of the electric collection washer 208. 

In case of assembling the cover unit 202, the 
upper part shaft 251 of the terminal 205 is inserted 
into the opening 260 of the terminal plate 206 as 
well as the lower part shaft 252 and the body 
portion 250 are inserted to be fitted in the cylin- 
drical portion 241 and the rectangular tube portion 
240, respectively. The cylindrical portion 241 is 
inserted into the opening 230 of the cover plate 
203 and the opening 270 of the packing 207. 
Further, the lower part shaft 252 projecting from 
the cylindrical portion 241 of the packing 204 is 
inserted to be fitted to the opening 282 of the 
electric collection washer 208. Then, the upper part 
shaft 251 of the terminal 205 is crimped with re- 
spect to the terminal plate 206 while the lower part 
shaft 252 of the terminal 205 is crimped with re- 
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spect to the electric collection washer 208. As a 
result, the battery cover unit 202 as shown in Figs. 
14A to 14C can be assembled. A positive electric 
collector (not shown) is attached to the vertical 
plate 281 of the electric collection washer 208 by 
crimping or the like. 

Here, the structure and the crimping method of 
the terminal 205 will be specifically described as 
follows. Fig. 15 is a cross sectional view of the 
terminal 205, and Fig. 16 is a cross sectional view 
showing a condition where the terminal 205 is 
crimped to the terminal plate 206 and the electric 
collection washer 208. 

As shown in Fig. 15, the solid upper part shaft 

251 is provided on an upper surface of the body 
portion 250 to be formed integrally there with. The 
lower part shaft 252 having a hollow portion 253 is 
provided on an lower surface of the body portion 

250 to be formed integrally therewith. 

As shown in Fig. 15. the solid upper part shaft 
251 , the body portion 250 and the lower part shaft 

252 having a hollow portion 253 are integrated to 
form the terminal 205. The solid upper part shaft 

251 and the lower part shaft 252 are provided on 
an upper surface and lower surface of the body 
portion 250, respectively, The upper part shaft 251 
of the terminal 205 is inserted into the opening 260 
of the terminal plate 206 (see Fig. 13) t and a 
projecting portion of the upper part shaft 251 to 
crushed so as to crimp the upper part shaft 251 to 
the terminal plate 206. In this case, the inner wall 
261 of the opening 260 of the terminal plate 206 is 
formed taperingly. Therefore, even if a head portion 
of the upper part shaft 251 is formed to be arc and 
the projecting portion above the terminal plate 206 
is made small, the terminal 205 can be surely fixed 
to the terminal plate 206. 

In addition, the lower part shaft 252 of the 
terminal 205 is inserted into the opening 282 (see 
Fig. 13) of the electric collection washer 208 
through the packing 204 and the end portion of the 
lower part shaft 252 is crashed so as to crimp the 
lower part shaft 252 of the terminal 205 to the 
electric collection washer 208. In this regard, the 
lower part shaft 252 is cylindrical and has the 
hollow portion 253 so that the end portion of the 
lower part shaft 252 is easily crimped to the elec- 
tric collection washer 208. 

As shown in Fig. 14, in the lithium-ion secon- 
dary battery of the embodiment, since the terminal 
plate 206 having a wide are is mounted on the 
terminal 205, a lead can be easily connected to the 
terminal plate 206. Particularly, the terminal plate 
206 is formed of stainless, nickel-plated stainless, 
nickel-plated ferrous or the like so that the lead 
formed of nickel plate is easily connected by the 
spot welding. Accordingly, if the lithium-ion secon- 
dary battery is integrated with a protection circuit 



and an outer terminal as a battery pack, the electric 
connection between the terminal 205 and the pro- 
tection circuit and/or the outer terminal can be 
surely and easily conducted. 

In addition, the electric collection washer 208 is 
assembled to the terminal 205 so that the positive 
electric collector is easily attached to the electric 
collection washer 208 by crimping or the like. Ac- 
cordingly, the electric connection between the ter- 
minal 205 and the positive electric collector can be 
surely and easily performed. 

Further, since the terminal 205 and the electric 
collection washer 208 is formed of aluminum or 
aluminum-alloy, the battery has a high resistance 
to the electric corrosion and can enhance the work- 
ability and lightness thereof, thereby reducing the 
cost for manufacturing thereof. 

Furthermore, the packing 204 is provided be- 
tween the terminal 205 and the cover plate 209 so 
as to enhance the hermetic ability and insulation 
performance thereof. Moreover, the sealing of the 
inside of the battery can be maintained even when 
mechanical or heat shock is applied. 

On the other hand, in the lithium-ion secondary 
battery according to the embodiment, the cover 
plate 203 is provided with a oval gas discharging 
opening 231 as shown in Figs. 14B and 14C. A 
metal thin plate 209 is disposed on the gas dis- 
charging opening 231 of the cover plate 203. and a 
i pressure plate 210 is further mounted on the metal 
thin plate 209. The metal plate 209 having a thick- 
ness of approximately 30 urn is made of an an- 
nealed nickel by rolling. The metal thin plate 209 is 
provided with a groove 290 by etching process. 
5 The thickness of the metal plate 209 at the groove 
290 is 5 um. The shape of a portion surrounded by 
the groove 290 is similar to that of the gas dis- 
charging opening 231, which is oval slightly smaller 
than the gas discharging opening 231. The pres- 
o sure plate 210 is made of stainless, which is pro- 
vided with a oval penetration opening 211. After 
conducting the spot welding to four corners of the 
pressure plate 210. a laser welding is conducted to 
an outer periphery of the penetration opening 21 1 
ts of the pressure plate 210 so as to form a laminated 
product including the cover plate 203, the metal 
thin plate 209 and the pressure plate 210. A safety 
valve mechanism can be constructed by the lami- 
nated product. Accordingly, a safety of the battery 
so can be ensured with maintaining the hermetic abil- 
ity thereof. 

In addition, the safety devices in the first and 
second embodiment can be also applied to the 
battery as described in this third embodiment. It is 
5S preferable to apply the safety device in the first or 
second embodiment of the present invention to the 
battery of the present invention. 
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Here, power generation element is not limited 
to the elements In the above embodiment. A ma- 
terial capable of dedoping or doping the lithium ion 
is used for the positive active material, which is 
lithium-cobalt oxide, lithium-manganese oxide, lith- 5 
ium-nickel oxide, lithium-chromium oxide, lithium- 
vanadium oxide, lithium-molybdenum oxide, lith- 
ium-molybdenum disulfide, lithium-titanium oxide, 
lithium-sulfide or the like, or a complex compound 
of those materials. In addition, for the negative 10 
active material, metallic lithium, lithium-alloy or car- 
bon material capable of dedoping or doping the 
lithium ion such as graphite, heat decomposition 
carbon, pitch coke, needle coke, petroleum coke, 
or a burned material of organic polymer such as 75 
phenol resin, furan resin or polyacrylonitrile can be 
used. 

Further, for the electrolyte in the organic elec- 
trolyte solution, one or a mixture of at least two of 
lithium salts which is LiCIO*, LiAsF 6 , LiPF 6 , LiBF 4 , 20 
CH3SO3U, CF 3 S0 3 Li. (CF 3 So 2 ) 2 NIJ and the like 
can be used. Moreover, for the solvent of the 
organic electrolyte solution, for example, one or 
mixture of at least two of polypropylene carbonate, 
ethylene carbonate, dimethyl carbonate, diethyl 25 
carbonate, methylethyl carbonate, 1 ,2-dimethox- 
yethane, 1 ,2-diethoexyethane, 7-butyrolactam, 
tetrahydrofuran, 2-methyltetrahydrofuran, 1 ,3-diox- 
olan, sulfolan. methylsulfolan, acetonitrile, pro- 
pionitrile, methyl formic acid, ethyl formic acid, 30 
methyl acetate, ethyl acetate and the like can be 
used. As the separator, one or a laminated film of 
at least two of fine porous films each made of one 
polyolefin such as polyethylene or polypropylene 
can be used. Moreover, a unwoven single film of 35 
polyolefin, polyester, polyamide, cellulose or the 
like, or laminated film of the fine porous film and 
the unwoven single film can be used for the sepa- 
rator. Particularly, the fine porous film made of 
polyethylene is preferably used. 4Q 

Although the above described embodiment is 
applied to the prismatic secondary battery, the 
present invention can be also applied to a cylin- 
drical secondary battery. In addition, the present 
invention is not limited to the lithium-ion secondary 45 
battery but can be applied to the other lithium 
batteries containing the organic solvent and a lith- 
ium primary battery. 

Further, although the body portion 250 of the 
terminal 205 is formed to be prismatic in the above 50 
embodiment, the shape of the body portion is not 
limited to that of the embodiment but can be 
formed, for example, in cylindrical shape. In this 
case, the packing 204 have to be formed in a 
shape corresponding to the terminal 205. More- 55 
over, although the terminal plate 206 is formed 
hexagonally, the shape of the terminal plate 206 is 
not limited to that of the above embodiment but 



can be formed in polygonal shape, circular shape, 
oval shape or the other shapes. 

As described above, the present invention can 
be provide the battery which can easily conduct 
the electric connection. In addition, in case of using 
the insulation packing, the terminal having an ex- 
cellent hermetical ability can be obtained. Further, 
if the terminal and the electric collection member is 
made of aluminum or aluminum-alloy, the battery 
having high resistance to the electric corrosion, 
which enhances workability and lightness thereof* 
thereby reducing the cost for manufacturing there- 
of. 

Claims 

1- A safety device for a storage battery compris- 
ing: 

a charge-discharge lead one end of which 
is connected to a positive electrode side of 
said storage battery and the other end of 
which is connected to a positive terminal of 
said storage battery; 

pressure-sensing means which deforms in 
response to an increase of the pressure in said 
storage battery; and 

cutting means for cutting said charge-dis- 
charge lead, said cutting means being pressed 
by the deformation of said pressure-sensing 
means to cut said charge-discharge lead. 

2. A safety device as claimed in claim 1 , wherein 
said cutting means is an integral part of said 
pressure-sensing means. 

3. A safety device as claimed in claim 1, wherein 
said cutting means comprises an electrically 
non-conductive material. 

4. A safety device as claimed in claim 1, wherein 
said charge-discharge lead is a fuse. 

5. A safety device as claimed in claim 1. wherein 
said pressure-sensing means is resistant to the 
electrolyte in said storage battery and to corro- 
sive gases generated by said storage battery. 

6. A safety device as claimed in claim 1 , wherein 
said pressure-sensing means is in a concave 
form. 

7. A safety device as claimed in claim 6. wherein 
said pressure-sensing means has a convex 
projection at a bottom thereof. 

8. A safety device as claimed in claim 6. wherein 
said pressure-sensing means has said a V- 
groove being cut in a surface of a lateral side 
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thereof. 

9. A safety device as claimed in claim 6 t wherein 
said pressure-sensing means has bottom has a 
U-groove being cut in a surface of a lateral 
side thereof. 

10. A safety device as claimed in claim 6, wherein 
said pressure-sensing means is deformed to 
convex toward an exterior of said storage bat- 
tery in response to the increase of the pres- 
sure in said storage battery. 

11. A safety device as claimed in claim 10, 
wherein cutting means is an integral part of 
said pressure-sensing means, said cutting 
means being in a convex form. 

12. A safety device as claimed in claim 11, 
wherein said cutting means is provided in a 
substantially center of said pressure-sensing 
means. 

13. A safety device as claimed in claim 11, 
wherein said charge-discharge lead comprises 
a brittle substrate and an electric conductor. 

14. A safety device as claimed in claim 13. 
wherein said electric conductor is printed on 
said brittle substrate. 

15. A safety device as claimed in claim 10, 
wherein said pressure-sensing means main- 
tains the deformation without reverting to said 
concave form. 

16. A safety device for a storage battery compris- 
ing: 

a charge-discharge lead one end of which 
is connected to a positive electrode side of 
said storage battery and the other end of 
which is connected to a positive terminal of 
said storage battery; 

pressure-sensing means which is de- 
formed to convex toward an exterior of said 
storage battery in response to the increase of 
the pressure in said storage battery, said pres- 
sure-sensing means being in a concave form; 
and 

cutting means for cutting said charge-dis- 
charge lead, said cutting means being pressed 
by the deformation of said pressure-sensing 
means to cut said charge-discharge lead. 

17. A safety device an claimed in claim 16. 
wherein said charge-discharge lead comprises 
a brittle substrate and an electric conductor. 



18. A safety device as claimed in claim 17, 
wherein said electric conductor is printed on 
said brittle substrate. 

5 19. A battery comprising: 

power generation elements including an 
electric collection member; 

a casing which accommodates said power 
generation elements therein; 
o a terminal which is mounted in said cas- 

ing, said terminal including an upper end por- 
tion and a lower end portion, said electric 
collection member being crimped to said lower 
end portion; and 
5 a terminal plate being crimped to said 

upper end portion. 

20. A battery as claimed in claim 19, wherein said 
casing includes an opening, said terminal I be- 

ro ing inserted into said casing through said 

opening. 

21. A battery as claimed in claim 20, further com- 
prising a insulation packing provided between 

25 said terminal and casing. 

22. A battery as claimed in claim 19, wherein said 
upper end portion comprises a columnar shaft, 
and said terminal plate has a circular opening 

30 including an taper inner wall whose diameter 

decreases in the direction of the outside of 
said battery, said columnar shaft being insert- 
ed into said circular opening to be crimped to 
said terminal plate. 

35 

23. A battery as claimed in claim 19. wherein said 
lower end portion comprises a cylindrical shaft, 
and said electric collection member has a cir- 
cular opening, said cylindrical shaft being in- 

40 serted into said circular opening to be crimped 

to said electric collection member. 

24. A battery as claimed in claim 22, wherein said 
terminal includes a rectangular body portion. 

45 said lower end portion comprises a cylindrical 

shaft, and said electric collection member has 
a circular opening, said cylindrical shaft being 
inserted into said circular opening of said elec- 
tric collection member to be crimped to said 

so electric collection member. 

25. A battery as claimed in claim 19, wherein said 
terminal and said electric collection member 
comprises at least one of aluminum and alu- 

55 minum-alloy. 

26. A battery as claimed in claim 19, wherein said 
terminal plate comprises at least one of stain- 
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1. Claims 1-18 



2. Claims 19-26 



A safety device for a storage battery 
comprising a charge-discharge lead, a 
pressure sensing means and a cutting 
means for cutting said lead when said 
pressure sensing means deforms • 

A battery having a specific terminal 
structure mounted in the battery casing. 
This terminal can be used in batteries 
without safety devices as defined in the 
independent set of claims 1-18. 



